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Summary
Of 38 animal colonies serologically examined for Encephalitozoon cuniculi, 1 mouse, 2 rat and 4 guineapig colonies were positive. A further survey showed that the prevalence within mouse, rat, guineapig and rabbit colonies varied between 25 and 95%. Guineapigs housed with infected rabbits are at a greater risk of being infected than those housed separately. Nephritis was a common feature, but cerebral granulomata were not seen.
Encephalitozoon cuniculi is a microsporidian protozoan (Sprague, 1977) which usually produces distinctive cerebral granulomata and nephritis in its host. The parasite is commonly found in rabbits (Robinson, 1954; Ostler, 1961; Koller, 1969; Flatt & Jackson, 1970) though Innes, Zeman, Frenkel & Borner (1962) , Attwood & Sutton (1965) and Moffatt & Schiefer (1973) found spores and distinctive lesions which they attributed to E. cuniculi infection respectively in mice, rats, and guineapigs.
Serological tests for the diagnosis of encephalitozoonosis, such as the immunofluorescence test (Chalupsky, Vavra & Bedrnik, 1973) have confirmed the histological finding that the organism pervades rabbit colonies. For example, a serological survey by Gannon (1978) suggests that there is a high prevalence of the parasite in commercial rabbit colonies in the United Kingdom, and because of this it was decided to survey the other common laboratory species. 2 serological surveys were done. The 1st was of rodents sent to the Centre under the Rules of Accreditation (LAC, 1974) and was to find out how many of these colonies were infected. In the 2nd survey larger groups of animals from randomlyselected colonies were investigated in an attempt to define the prevalence within them. Gannon (1978) showed a correlation between detectable antibodies and histological lesions in infected rabbits, and a further object of the present study was to see if there was a similar correlation in other species.
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Materials and methods
Animals Survey 1. Groups of 4 guineapigs from 9 colonies, 6-12 rats from 12 colonies, and 2-6 mice from 17 colonies were bled. The animals were usually young adults but were of either sex and of various strains from Accredited Breeders (LAC, 1974) .
Survey 2. Groups of 30 animals from each of 5 rat, 5 guineapig, 6 mouse and 7 rabbit breeding colonies were bled. The colonies were either commercial ones, or user organizations. A wild rat and a wild mouse colony were also included. Colonies were sampled by taking at random an animal from each of 30 areas within the colony. The samples included animals of all ages, both sexes and approximately 5 strains for each species.
Bleeding Survey 1. Animals were bled by heart puncture at post-mortem examination. The blood was allowed to clot at 37°C for 1 h and then overnight at 4°C before the serum was decanted, and spun at 500 g for 5 min. The supernatant was stored at -20°C until tested.
Survey 2. An exposed vein was punctured with the tip of a scalpel, and 50 ,Ill of blood was withdrawn in a micropipette from the drop produced, placed on 3 mm chromatography paper and allowed to dry. The blood spot was cut from the paper and diluted in 0·4 ml of phosphate buffered saline (pH 7·2) for 24 h at 4°C. This procedure, adapted from that originally described by Anderson, Sadun & Williams (1961) , gave an equivalent dilution to 1/16 of normal serum. Dried blood spots were stored at -20°C within 6 h of collection until diluted.
Serology
All sera were serologically examined for specific IgG by using the immunoperoxidase (IP) test (Gannon, 1978) . Additionally, the immunofluorescence (IF) test (Cox & Pye, 1975) was applied to rabbit and mouse sera, using antigen as prepared for the IP test, to detect specific IgG and mouse sera only to detect specific IgM. Sera were examined at 1 in 16 dilution since non-specific IgG was diluted out at 1/8. However, non-specific absorption could not be demonstrated using conjugated IgM and therefore neat serum could be used. All positive sera were titrated to 1/32568. detectable antibodies, 6 additional animals were killed, bled by heart puncture, and the serum harvested. The brains and kidneys were removed into 20 ml 4% formol saline for 24 h, cut at 4 ,urn and stained using Erlich's haematoxylin and eosin and the Gram Twort stain (Ollett, 1951) .
Results

Serology
Survey J. Only 1 group of 2 mice had antibodies with IgG titres of 1/512 and IgM titres of 1/8.2 groups of 6 rats each had 2 rats with antibodies with titres of 1/ 128. Among the guineapigs, 3 groups of 4 each had 2 with antibodies with titres ranging from 1/ 128 to 1/512. The remaining 3 colonies did not have guineapigs with high titres but some animals did have uniformly low titres (1/16-1/32). There was no significant strain or sex susceptibility in the rabbits sampled according to the i test. There was no correlation between age and titre, but the majority of rabbits without antibodies were aged 2-8 months (see Table 2 ). The IF and IP tests gave comparable results.
Histology
The 12 rats had titres of 1/128-1/256. Nephritis, which occurred in one colony, was the only lesion found, and was associated with slight cortical pitting visible by close inspection using a hand lens. These cortical areas had central necrosis with outlying degenerating lymphocytes. There was fibrosis, especially in the corticomedullary region, around distended tubules. The Bowman's capsules were slightly malformed.
The 12 guineapigs had titres of 1/ 128-1/ 512. The only lesion seen, nephritis, was evident in both colonies. In one colony there was considerable pitting (1-2 mm deep) of the very pale kidneys. The cortical indentations were infiltrated with lymphocytes and the tubules were distended. There was cuffing around the interstitial blood vessels. Histologically, 75% of the kidney tissue was fibrotic, mainly in the corticomedullary regions. In the other colony no macroscopic lesions were observed, and, on histological examination, only small isolated areas of interstitial necrosis were seen.
Discussion
In Survey 2, 6 of 7 accredited rabbit colonies were found to have 25-95% seropositive animals but Gannon (1978) found that only 10 of 19 rabbit colonies were positive. Bearing in mind that only a small sample was examined from each colony and that in this study 1 colony had a prevalence as low as 25%, it is likely that all colonies would prove to be infected if a larger sample were examined. If this were so the number would be similar to those in Czechoslovakia (Chalupsky, Vavra & Bedrnik, 1973) , Sweden (Waller, 1977) and Australia (Cox & Pye, 1975) . In the present survey the prevalence within rabbit colonies varied considerably and seemed to depend on husbandry. For example, the colony with the highest prevalence (96%) sutTered from overcrowding, with urine contamination between rabbits. Spores are excreted in the urine and might explain the high prevalence in this colony. When testing a colony it is essential to sample a large number of rabbits since the prevalence may be as low as 25% in some colonies. It was noticeable that the single rabbit colony in Survey 2 that was negative for E. cuniculi was caesarianderived, specified-pathogen-free, and maintained under strict barrier conditions. Survey 2 showed that the age group of rabbits with the highest fraction without titres was 2-8 months.
Thus it would appear that the majority of infections are 'horizontal'-cross contamination between the rabbits. Bywater & Kellet (1978) , using the immunoindia ink test, found that rabbits less than 3 months old in a conventional colony, did not have antibody titres to E. cuniculi. They attributed this to rabbits being most susceptible between 4 and 6 months of age. From their observations the prevalence of infection did not increase with age. Hunt, King & Foster (1972) found E. cuniculi spores in the brain of a germfree caesarian-derived rabbit, indicating transplacental transmission. Cox, Gallichio, Pye & Walden (1977) found that seropositive weaners were present only in litters from seropositive does, whereas seronegative weaners came from either seronegative or seropositive does, a finding 93 that suggests that a certain amount of transplacental, or at least congenital, transmission can take place. Probably both horizontal and vertical transmission occurs within a rabbit colony.
It has been observed that rabbits orally inoculated with E. cuniculi spores showed an increasing titre which subsequently levelled otT to form a plateau (J. Gannon, unpublished observations) . It is likely that this also occurs in naturally-infected rabbits and would explain the absence of a correlation between increasing age and titre. 5 of the guineapig colonies had animals with high titres. Of these, 3 were housed with infected rabbits, and both the others were housed conventionally. All the negative colonies, barrier-maintained or conventional, were housed separately. Evidently infection can arise in guineapigs as a result of cross contamination from infected rabbits. The uniformly low titres demonstrated in some guineapig colonies are thought to be due to high levels of nonspecific IgG or nonspecific factors present in guineapig sera which cause anti-IgG to bind to spores. It seems likely that in an infected colony at least some would have had titres above 1/64, as in the 5 seropositive guineapig colonies. Chalupsky, Vavra & Bedrnik (1975) recorded a number of infected guineapig colonies using the IF test. Unfortunately they do not state the antibody titres nor do they suggest where the infection may have originated.
In the present study only 1 mouse colony was found to be infected. IgM antibodies in the same serum sample indicated an active infection, since they are only present in the earlier acute stages of most parasitic diseases. The cause of infection was not clear as the colony did not have any contact with actively infected rabbits. However, as the animals were conventionally housed they may have been contaminated by wild rodents and rabbits.
Histological examination of guineapigs and rats with high antibody titres revealed severe nephritis. Although nephritis is commonly associated with encephalitozoonosis, cerebral granulomata (the most common feature in infected rabbits) were not seen in either of these species. However, earlier studies of infected rats (Attwood & Sutton, 1965 ) and guineapigs (MotTatt & Schiefer, 1973) have revealed granulomata. The apparent absence of cerebral granulomata in the rats and guineapigs in the present study may be due to a low prevalence and to insufficient sections having been examined. Alternatively, these naturally-infected rats and guineapigs may be infected with an E. cuniculi strain which is associated with a ditTerentpathology.
Most mouse, rat, and guineapig colonies examined were high grade (LAC, 1974) , hysterectomy-derived and barrier-maintained. This is probably a reason for the small number of infected rodent colonies.
Eradication of the parasite could be attempted by serological screening and culling all positives. Repetition of the process over a 6 month period as described by Cox et al. (1977) and Bywater & Kellet (1978) would then be needed to finally eradicate the disease.
